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This Design Note contains the design standards and specifications
for the chimney, preliminary design calculations for a rectangular
chimney, design calculations for a cylindrical chimney and
praliminary chimney dimensions.

The design calculations for both the square and the cylindrical
chimney were done in accordance with Section VIII, Division 1 of the
ASME Pressure Vessel Code. Design rules for the square chimney are
in Appendix 13, Vessels of Noncircular Cross Section. Design rules
for the circular chimney are in Part UQR. ASME/ANSI B31.3, Chemical
Plant and Petroleum Refinery Piping, specifies that Section VIII,
Division 1 of the ASME Pressure Vessel Code be followed to determine

wall thickness and stiffening requirements for straight pipe under
axternal pressure.

The calculation for a cylindrical chimney shows that the chimney can
be fabricated with 12" Schedule 10 aluminum pipe. The wall thickness
is 0.18%. The outside diameter is 12.75%., The maximum allowable
external pressure is 25.4 psi. The collapse pressure safety factor
is 3.25. Circumferential stress at the collapse pressure is 890 psi.

The caiculation for a square, unstayed, aluminum chimney indicates
a minimum required wall thickness of 0.875% %o 1%, This calculation
is preliminary because I have two unresolved questions about the

design rules in paragraph 13-14 of Appendix 13. The questions are
discussed on page 9.

A square chimney stayed at midlength may have thinner wails. No
calculations were performed on this type of chimney.

At this time, a cylindrical chimney is preferred over a square
one becasuse the cylindrical design has a much smaller radiation
thickness. There appears to be sufficient room in it for all the

required cryogenic |ines, an MLI insulated shield, the coil I
and instrumentation wiring.

The relieving capacity and vacuum conductance of this cylindrical

chimney must be checked before it is chosen over the square
chimney.
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DESIGKM [N ACCORDANCE UJITH ASME SECTIONNIIL. iV 1T APF. 13
GEOMETRY #1 L =Ls=11") t_=1Ts; 7\!0 STAYS

+, )
/wwaikb Tl T

CHIMNE 7 LENGTH = Lv= 357

1

47

CHIMNEY WIDTH = H = /2
CHIMNEY DEPTH = A = /2
ASPECT RATI0 = Lv /H = 35 /’ = F5> F /3-4( //5))
METERIAL . 5083 —0 ALUMAINUM,
TABULATE ALLOWABLE STRESSES (APP /3, PARA 13-4)
S= 9,800 pst
Sy M;\ZA S = 7,800 PS i IN BAsSE mETAL
Sma g S E= 9,800 Eps I AT WELD ToINT
THE fif:%«.é GITUDINAL ToINTS ARE CATEGORY A, TIPE NO. 7
TOINTS, LIRCUM FERENTIAL ToINTS ARE CATEGORY B OR C,
TYPE NO, 2., UWSE Full RADIOGRAPHIC. EXANM) Wm@w@

S E =09 For ALL O0F THE WELDED ToINTS. MTE 3 oF THE
TJoiad f,; CauLty BE TYPE (.

Smaw = 7,800 (0.9)= 8, §£@f@§{
Sq, = LSSE= .5 (4800)(04) = (3,230 psi
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NOTE " THERE 18 NO NEED TO FINISH
THIS CALCULATION BECAUSE
, =t = 1 THE WALL THICKNESS NEEDED
) FoR STABILITY 1S MUCH
Assume t = 348" =0, .
e /8 s GREATER THAN THE WALL
. L THICKINESS 0F A CYLINDRICAL
Sm= FPH 2¢ - /5 ps TH
7 /2t = 2/0 : (/Zi%} CHIMNEY , THIS INDICATES
2. n ) “THAT A CYLINDRICAL
—_— }9@@“ CHIMNEY |S BETTER THAN A
S, = phTe g . - _, SEUARE IMIMNEY BECAUSE
(24)m @iww / w5 o f{j/ OF THE RAUGIATION
7 L [#K | THICRNESS REQUIREMENT.
) CALCULATIONS FOR
¢ =t/ /7 = STABILITY OF THE SOUARE
o CHIMNEY AnD FOR THE
A= HMR = 7202 =1
H / DESIGN OF THE CYUNDRICAL
K= (To/T,) 0 =/ M [MNEY ARE ON PAGES
THROUGH 10,

b ) = 45 (2) (0o ) T /

Fe = fﬁﬁmjzf

/ 5/;% /// (f)éj)}

Mo

j +
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4 SmE

P Loer
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Sma = PehH_

SbA

SIDE PLATE STABILITY REFR, APP 13 PARA /3- 14 (a)(2)
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Sy

Sera= 57,2/4 %

e
EEN

16, 000 psi

Sy/t = 8,000 Y

>y/L = 8,000

S\ SerA =Sy- Sy '/ #Se
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Sera = Jb,pv0 —~ 6,000 /{éwm@ = Jhoo o mééu%x/@7)/§af/§
%
SerA = 1b,000 Sera — 6.4 x20° |

.
ScrA = [6,000 Scva + 6.4 x/07 =0

SoWNE USING THE QUADRATIC EQUATION .
A~1 ; &= ~1b,000 ;<= 6.4x/07

Sera = - b £)4 Fac T /bppO ﬁ”\z//%j 000~ £01) (¢. fr07)
oA 201

SerA = oo ps 7
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11(1-v"?) b

“Serp = 7 Ew f,)b'g,.\
<3

A , 7.
= 7 (10.3x/0° 0. 378 )
) &S ) J = //6%,;@

/2 (|- 0,334%) 38/ 1

SerR = 114 & Booo = ) Sy & Sers® /4
7 -

Sera = 5 «/}j Z /‘éfé’“

Slers = 11 4

CHECK. THE INTERACTION EQUATION

$(120) 4 (r4o) 5 45
82,000 I 4

e ,/ \
", S Lo e e 40 2t (o dd)
L2 S = 0,0b+/8. 42 0L (~0.24%)

!
. 2] Vo A — o A ‘:\‘ e’/ \\ /
% ! i Z t’% 7 i[ 6§L { 1] i v\ ({ %/i;: g @ {:/1/ } \\Nmmw‘,,;< m,wn..,.m»:xr.w»19“”“‘&);/\%“‘ 4

f e, o
¢ S .
\\

_—

g bl GoOD

THE TWO CIRCLED TERMS CoNTAIN Smp ,Scrp 35,8 &
SlerB. FOR A GIVEN Lv , oNLY T, CAN BE VARIED TO
CHANGE THE VALUES OF SmiB, Serp , Sp8 AWD Sars.
NEGLECT THE “A" TERMS AND SOWE Ef@ﬁ THE VALWE OF t

THAT BRINGS THE INTERACTION EAQUATION TO UuMNITY.

AT 2ty T

Seg = bTH"Pe - b(0a25)00)IS o JbZO

. B i D
i;g 'Z:’j

Sern= Scrg’ = TYE (»ﬁ;l}%%mf’?ﬁ?@(i@emm@ +,
b2 {1-~") Ly /L g%@,ZMﬂ) (gg}ﬁ?;;%

_ R oMLY TRUE FOR SerB a%}
= 810.8 4, (&t%é@ T <
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Serh

4*(% Q) /b1 D
+ T
Wwwiﬂmm“% ““%@ ﬁ ! Ng ii C}

ﬁjﬁ%“ﬁﬁ ) g(@}

£10.8 t,*

& )
0.44 4%% u 7
28+ - PR

S
St

e mm{% =

}\ jf‘ / s

[/ - 222t ) 14,700

ffff EOR L, = 0.875 | INTERACTION ERUN TION = ©, 88
g (W 0, 95 wWiTH "A'TERMS

FOR +; = 0.78, INTERACTION ERUATION = [, 4 7 INCLUDED)

CONCLUSIONS?,

1) WALL THICKNESS FOR THIS CASE WoulDd BE ~ 7"
THE DESIGN OF AN UNSTAYED, SRUARE CHIMNEY WILLNOT
BE UNDERTAKEN [F A CYLINDRICAL SHIMNEY HAS A
WALL THICKNESS LESS THAN Va'l

2) TRY A CYLINDRICAL CHIMNEY.

3) TRY A SQUARE CHIMNEY STAYED AT MIDLENGTH
[F A CYLUNDRICAL CTHIMNEY I'S Too THICK IR [}ﬁﬁ
THE INS (Agﬁm@w@ VACUUM FOR THE LHe Z (N

LINES |S ISOLATED FROM THE PRESSURE f%u W?

CHANNEL .
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Note on the calculations for the square chimney

D o R D T D G @D G (s G G D G S5 G G 03 G G G G 6 G T G S G SR G GRS G S K O 4D G (S G5 O G 6 G D

The calculations for the square chimney are preliminary because I
have two unresolved questions aboubt the design rules in paragraph
13-14 of Appendix 13.

First, equation (6A) is used to calculate the critical buckling
stress, SerA, for a simply-supported plate in uniaxial, uniform
compression along its narrow dimension (about 12% in this case) when
Serh is less than Sy/2. Equaﬁﬁ@n (6A) yielded 51,214 psi, which is

greater than the Sy/2 value of 8,000 psi.

Equation (6B) must be used

when (BA) is not applicable, th@t is, for ScrA greater than Sy/2.
Solving equation (6B) with th@ qu@dra% ic equation yielded only one

value for SerA, Sy/2. This

is defined for

use when SCKA

5 seems inconsistent because the equation
is greater than Sy/2. Since this

squation yields only one value (assuming I have solved it properly),
is it correct? The design of the square chimney is based on SerA

equal to Sy/2.

The second question concerns calculating the critical buckling
stress, SerB, for a simply-supported plate in UﬁﬂﬁXB&E; uniform
compression along its long dimension (about 4207 in this case). The
equations for ScrB are the same equations used to solve for ScrhA. T
low value ceccurs
because the plate width, 420% in this case, is a squared term

caleculated a value of 114 psi

in the denominator.

for ScrB. This

The calculated values of

Serh and

SerB indicate

that the critical buckling stress for a 12% wide x 420% long plate
is much greater than for a 420" wide x 12% long plate.
correct for the plates in this type of vessel? Reference 1 notes
that buckling strength of a plate is found to be §ﬁd@p@md@mt of

tengbh when the ratio of plate length to width is greater ¥

Is this

vhan 5.

Paragraph 13-4 (h) states that the design equations in Appendix 13
in which the length to side dimension ratio

are based on vessels

(aspect ratio)

is greater than 4. Also, these design equations are

conservabively applicable to vessels of aspect ratio less than 4.
Is it too conservative to calculate critical buckling stress ScrB
for the side walls of this long, square vessel with the same

formula used to calculate Serh?

I have given these questions regarding the ScrA/ScrB design

equations to Chuck Grozis.

pressure vessel class.

He will

look for answers at his ASME

Derivation of the critical buckling stress equation used in Appendix
13 of the ASME Code can be found in reference 2.
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REFERENCES

The 1989 edition of Roark’s Formulas for Stress and Strain book
contains formulas for elastic stability of plates and shells in
Table 35 on page 684. Equation 1 is used to calculate the critical
buckling stress for a rectangular plate under equal uniform
compression on the two opposite narrow edges with several manners
of support. For a plate with all edges simply supported or for a
plate with all edges clamped, equation 1 yields stresses which are
lower than the stress calculated with the Appendix 13 equation.
Fquation 2 considers uniform loads on all four edges of a
rectangular plate. The equation applicable to a rectangular plate
with all edges clamped, equation 2b, is noted to be most accurate
when the plate is nearly square but the accuracy for other

dimensions is not stated. Equation 22 is for a rectangular plate

with all edges simply supported. 1t will be solved if it becomes
necessary to use a saquare chimney.

1) AE@§@md@r Blake, Practical Stress Analysis in Engineering
Design, Marcel Dekker, Inc., New York and Basel (1982), pg 87

2y €. L. Dym and 1.H. Shames, Solid Mechanics: A Variational
Approach, McGraw-Hill, Inc., USA (1973), pg 499
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SXTERNAL PRESSURE LESIGN

1

SET Do = 1275

REFR

Asme SeEC yiit,

CHIMNEY LENGTH = 35"z 420"
AsSuMe €= 0.28" (seH 2o)
MATERIAL

Do

D SEAMLESS ALUM PIPE
S8-241 60GI-Tb WLD
S= b,000 PSt

Fotipw) UG -1.8 ¢

Dot = 1275028 =
L/Do = 42011715 = 32

FROIM FlaUrE s-unF-28.%0

KeEbuce

ASsume L= oo

KMESS TD
Dy /¢ = 1275 /048 = 70,8
Pa= ZAE

ARSI

0.00077

: gfi’ ? 2; ) [

%
f“\

. 2 (0.00027)(10,0x/0%)

3(aft) 3 (70.8)

= 25,4 P

YAV

R w/f 2757 ~ 2 (018" }j/?f = 4,195 .

> /ﬁ}@ﬁg Q=

CALCULATE [NTERNAL PRESSURE RATING FOR 0.18" WALL THK

e
e

é};@@@ (i)(géﬁg)

/Q‘?ﬁ'@eé né;/

CHECK LIMITS .

CIR Cum FE.

Q?Lﬂ%iwmg} + 0:b (0.18)

t=008" < 61454 =7.0975

P=170 £ 0,385 SE = 0.385 (6,000)(1)= 2,310
A TIAL STRESS L/mMITS P

4 Ed
=R

170 PST

QK

oo

T
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2

i

35,000 ?‘S{

B - )
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CCALCIALATE THE CRITICAL (olLLAPSING PRESSURE FOR

THE CHIMNEY ...

REFR: 1) THE NEW-TIPE CopE CHART FoR THE DESIGN OF
VESSELS UNDER. EXTERNAL PRESSURE,
By E.O. BERGMAN
ASME  TRANSACTIONS | 9577

2) VESSELS UNDER EXTERNAL PRESSURE
BY' D F. WINDENBURG
MECHANICAL ENGINEERING | 19377

3) COLLAPSE BY INSTABILITY OF “THIN CYLINDRICAL
SHELLS UNDER EXTERNAL PRESSURE
BY ' DiF, WINDENBURG & C. TRILLING
ASME TRANSACTIONS mz 4-

ASME sSecTion VUL DIV | USES THE FolLowine CoieARSE
PRESSURE FOR Mi«i LAS IN THEIR METHOD FOR THALCULATING

THE THICKNESS @F SHELLS AND TUBES LUnbER EXTERNAL

f"‘?’/ %}JZ‘M/ 5 (A E (f < g” ’% / > 7

FoR. INSTABILYTY FAILURE BELOW THE CRITICAL LENGTH —

P, = ZtZE (t/b) "
PG (Yo)- 0 45 (/DT

FOR = 0.3 (i 15 PoISSON'S RATIO)
= 2,6 E (¢ /D) [{/D) -0, ¢5 (¢ )" ]

FOR 5083-0 ALUMINUM ,@ﬁf” THE DESIGN CONDITIONS &
THIS CHIMNEY, Al=0.334, WITH =0 334 (NSTEAD OF
0.3, THE CONSTANT IN 7@%&“ ABOVE £ uﬁe?”wm Is 7,69
LN STEA ENCE

THE ABOVE FORMULA
FORMMA IN <GA-341-1987T, P4 6.

3
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FOR. INSTABILITY FAILURE

ABOVE THE CRITICAL LENGTH —

FIR wu=0.3 5 Yp< 0023

FOR. THIS CHIMNEY , t/D = @nsg/fzo“?fﬁ 004l <0023 gl

THE CRITICAL LEMNGTH )Lc, cAN BE DETERM/N ED &Y
SETT !N@@ é@CLT& Pea.
Qn)

b

P@A

2.0

rossy RS ATSas

L(*D)-0. 45 (“é/m)o'i?
2l (127)

s (’féy% )@,,5;

MMW;M

“‘“}é{w Y S %{( 9,5
(%)

Ao s [ OdE \eo§”

e/ . 4
4”’"}/; 2.7 = Lc= ya /

(@ ! VZJ&

CHIMMEN LE

SNGTH =

2.2 (/10 x/0

}?ﬁ m}?}

1z271§
> /62"

é) e h
J/ o 18N

;S

, o,
y /g"vl sl
/

§ %,
Sy
2

A 7
s
Py 5 @

;
¥

f@‘zﬂ“"f
FOLLOWING CHA -
COLLAPSING Pi&
E G nVALERNT
WY T A gﬁ%?% Iy

nnnnn

W@f\w o
0 A 2437 PSI DIFFERENT/AL PRESSURE
WWT@R OF 7.

~1987 PARA 3.6.2 , THE MINIMUM
48,774 [PSI DIFFELENTIAL |5

THE ALLOWABLE EXTERNAL PRESSULE CALCULATED B)
THE RULES OF ASME SECTION TIL DIV | on PAGE 9 OF
THESE CALCULATIONS |S 25,4 pPSi.

25,4 = 24,37 = ASME SECTION VIl DIN | HAS 4 SAFETY FACTOR
OF Z ON COLLAPSE PRESSURE., 674

THIS CHIMNEY HAS A COLLAPSE PRESSURE SAFETY FACTOR OF 25

=3.25,
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TETERMINE THE CIRCAM EEREN TIAL STRESS 4T THE COLLAPSE
PRESSURE !

P=SEt ., 9= P(R+0.4t)
R+0. 6T Et

S: 254 (6145 +0.6(018)) - 890 psi £ MATERIAL
(1) (0.18) PRO PORTIO NAL
Lo PT
oK
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Flow AREA BLOCKED BY

LNq SHIELD

G SPACERS AT

LOCATIONS .~

SPACERS .
4

A

ke
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i
A
((’ .
-
)s" l;'p
¥d :u?
¢/
e
E )
&4
[
Ay
/¢
Py
3
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f froif
& : LR
& I
Eo Iy
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g
§
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i
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H
B
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)
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N
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A%
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LAY
LN
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e
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NOoTE

6.02.5" 0.D,

RADIATION SHIEUD AND
PossibLe

He 3 LN, AND 3
“TiedG CON

;n‘?“
T T PN———

VA{; LALA B

SUPER, -

‘Hﬁ’

THE MLUL SHALL BE SECURED S0
THE VENTING GAS Will NOT
OFF THE LN, SHIELD. FOR EXA4
WRAP THE ML WITH A FABRIC

RIP

ALUpMINUM

SHELL

. LEADS
AREA

1T

~1 2% S CH 10 ALUMIRIUM

e e T N
v

PLE,

Box,

E. NYLON,
OVER SHEET AND SECURE THE FABRIC wiTH
NYLON OR STEEL (CHICKEN WIRE TYPE) MESH, OR

ke
¥
. ‘it
i
;-
£
i
5
g:« /f
II; f/
E
A

THIS AREA
BlockgD AT TEE
To CHIMNEY BAYONET

ENCLOSE THE MLI WTH A THIN ALUMINUM TACKET,
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- PLAN

[ S — @

HIMNEY LENGTH THRoUGH THE

;;g:é?g@”?“ﬂ%@, = [hEIS - 2200

= 23,5 L

ASSUME  THE CHIMNEY ExTEMDS 67 FAST
THE ThETECTD L ﬁﬁ?gﬁo@g m&i TEE |5
ATTACHED -

&

o STRAICHT PIPE L
= 34

ENGTH= 22, 5"+0.8

SKETCH FILANGE FoR

RELIEF

FARALLEL.
PEVICE MDUNTS

= /0,215 mng

PLATE OR OTHER

HERE ;

/1% 12 &7 ALl Nt TEE FOR. TURBOMOLE .l AR
Pt e — I e 5

6" LonG RADILS 707
AL UM A ELEB O

&' HiGH VACUUM
GATE VALVE AND 6"
TURBoMOLE @@maﬁ%&
PUmpP INSTALL F

NoTE: RADIATION BAFFLES
CAnl BE [NSTALLED ALONG
THE LENGTH 0F THE LN~
SHIELD TO INCREASE HIGH
VACUUM, (;‘;0 N} b UCTANCE ouT

I e

RABIATION
BAFFL E.?ig

[ S Fotor

N

Lo
/5{3‘5(&11\’

P

Npermmrrmemsnia




